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Abstract 
Binary Semiconducting Oxides have quite stable properties. The quest for enhancing the properties of materials 
even further, leads us to evaluate Zinc-Tin-Oxide, which is a ternary semiconducting oxide material known for its 
unique properties. ZTO nanomaterial was synthesized using Solvo-Thermal method with different molar ratios of 
Zinc and Tin varying with 1:1, 3:7 and 7:3. Slovo-Thermal method is a very efficient method when compared to 
other methods to synthesize at low temperatures. In the present work Zinc tin oxide (ZTO) nanomaterial has been 
successfully synthesized in which zinc and tin powders were separately mixed with ethanol solution under slow 
stirring. In this process a mild base of Na2CO3 is used as a mineralizer and ethanol as a solvent which was later 
subjected to low temperature of 100°C. Characterization techniques like SEM, EDS, XRD, UV-Visible and TGA 
were used with a view to study the growth, optical and thermal properties of ZTO nanomaterial. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 For the last few years there has been considerable development in nanotechnology for the design of 
semiconductors so as to match with the properties of new emerging materials. In the recent past zero-dimensional 
and one-dimensional nanostructures of binary semiconducting oxides, such as ZnO, TiO2,   GaO, Cd2O3, SiO2 and 
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SnO2, have attracted much attention. From the time of Julia et al. (1995) the search and the development of new 
materials like ternary oxide semiconductors such as Cadmium Stannate (Cd2SnO4), Galium doped ZnO (GZO), 
Aluminium doped ZnO (AZO) and Zinc Tin Oxide (ZTO) are being explored actively.  Among all the above ternary 
semiconducting oxides ZTO, which is an inexpensive and non-toxic material, has high electrical conductivity which 
was reported by Yong et al. (2012), high electron mobility as reported by Chiang et al. (2005) and has attractive 
optical and photoluminescence properties which was then reported by Jackson et al. (2005) and Lisheng et al. 
(2005). Good electrical properties were found and reported by Christina et al. (2010) in his work on ZTO 
nanomaterials. These properties have attracted in synthesizing and characterizing the ZTO and doped ZTO 
nanomaterial with the different molar ratios reported by Keon-Hee et al. (2013). There are many different synthesis 
techniques to synthesize ZTO such as physical vapor deposition (PVD), chemical vapor deposition (CVD), flame-
pyrolysis, laser-ablation, arc discharge, sol-gel method, hydrothermal method and solvo-thermal methods. In order 
to reduce the impurities and crystal defects and to improve uniformity, ZTO nanomaterials were prepared by 
chemical synthesis method. This chemical method can have good control over the composition ratio. In this method, 
preparation of ZTO was performed with zinc and tin powders as sources by using mild base Na2CO3, as a 
mineralizer and aqueous ethanol as a solvent at temperature above 100°C for 12hours. Chiang et al. (2005) and Yong 
et al. (2012) reported that the change in the parameters like molar concentration and reaction time, the particle 
properties such as size and morphology can be changed by following chemical synthesis method. 
Nomenclature 
h Planck’s constant. 
υ Frequency. 
α cut-off wavelength. 
D Particle diameter size. 
K shape factor = 0.9. 
λ X-Ray wavelength = 0.1541 nm. 
β Full width at half max (Intensity). 
θ Bragg or diffraction angle. 
2. Material Preparation Process 
In this synthesis method zinc and tin powders are used as sources of starting materials. In this experimental 
process ZnSO4.7H2O and SnCl4.5H2O were dissolved in aqueous ethanol solution separately. Then, the prepared 
SnCl4.5H2O solution was slowly added into of ZnSO4.7H2O solution under slow stirring. A molar ratio of Zn:Sn 
was maintained as 1:1, 3:7 and 7:3 separately throughout this work. Thereafter, sodium carbonate solution was 
added drop wise into the reaction mixture under vigorous stirring; Na2CO3 was used as a mineralizer because of its 
low basicity. With this mixture small amount of CTAB dissolved in deionised water was slowly added under mild 
stirring to form the transparent white colored solution. Thereafter, this solution mixture was shifted into a steel 
autoclave and subjected to solvo-thermal conditions within the temperature of 100°C. After the reaction, the 
autoclave was cooled into room temperature. Thus the formed products mentioned in the below equation were 
centrifuged in order to obtain the ZTO nanomaterial. The material was washed successively with deionized water 
and AR grade ethanol in order to remove the by-products. Finally, the products were dried at 80ºC in the oven for 
12h. The dried material is then taken out and is made into fine powder by using mortar and pestle. Then the fine 
powder is taken into sample holders and is sent for characterization. These ZTO nanomaterials of molar ratios 1:1, 
3:7 and 7:3 were characterized separately using SEM, EDS, XRD, TGA and UV-visible spectroscopy.   
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3. Experimental results 
To analyze the effects of molar ratio on the formation and morphology of ZnSnO3, solvo-thermal reactions were 
carried out at 100°C with Zn:Sn ratios of 1:1, 3:7 and 7:3 separately . The morphology and particle size of ZTO 
nanomaterials as prepared were analyzed with Scanning Electron Microscope (SEM). Figure 1 shows the SEM 
images of ZTO nanomaterials prepared at 100°C. It can be seen that the formation of high crystalline uniform sized 
cubic ZnSnO3 nanoparticles irrespective of temperature of the reaction medium. The least size of the ZnSnO3 
nanomaterials synthesized with 1:1 molar ratio was found to be 84.7 nm and with 3:7 and 7:3 was found to be about 
88.7 nm and 80 nm respectively. 
. 
   
 
 
Figure 1- SEM images of the ZTO nanomaterials prepared at molar ratio of (a) 1:1 (b) 3:7 and (c) 7:3. 
Elemental analysis or chemical composition of the ZTO nanomaterials prepared at 100ºC was analyzed by using 
energy dispersive X-ray spectroscopy in SEM unit. As shown in Figure 2, it is found that the peaks of Sn, Zn and 
oxygen are also observed. These data clearly confirm that the ZTO nanomaterials consist of Sn, Zn and oxygen 
without any chemical contamination. Table 1 shows the chemical compositions of the ZTO nanomaterials 
determined by the EDS analysis. From this table it is clear that the chemical composition of the ZTO nanomaterials 
is well within the expected ratio. 
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  Table 1 - Chemical composition of the ZTO nanomaterial with molar ratio of 1:1, 3:7 and 7:3. 
Element Wt. % of 1:1 molar ratio Wt. % of 3:7 molar ratio Wt. % of 7:3 molar ratio 
O 20.87 35.07 27.09 
Zn 28.94 16.11 53.04 
Sn 29.78 48.82 19.88 
 
a       b 
 
 
 
 
   c 
 
Figure 2- EDS spectra of the ZTO nanomaterials with molar ratio of (a) 1:1 (b) 3:7 and (c) 7:3 respectively. 
 
The crystal structure of the ZTO nanomaterials prepared at different temperature was characterized using 
X-Ray diffraction (XRD). Figure 3 shows the XRD pattern of the ZTO nanomaterials prepared at 100°C with 
different molar ratios such as 1:1, 3:7 and 7:3 respectively. Due to the low reaction temperature, there is a presence 
of ZnO along with ZnSnO3 nanomaterials. The particle diameter size of 3:7 was observed around 30 nm and in 1:1 it 
is observed to be around 70 nm and in 7:3 it is observed to be about 50 nm by using Debye Scherrer formula. 
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From the data file 11-0274 of JCPDS which was analysed by Sunandan and Joydeep (2011), many diffracted peaks 
are observed to be of perovskite face-centered zinc tin oxide material. 
 
Figure 3 - XRD of ZnSnO3 prepared with 1:1, 3:7 and 7:3 molar ratios. 
UV-visible spectroscopy is related to the absorption spectroscopy of the materials in the ultraviolet-visible 
spectral region. The optical bandgap of a semiconducting nanomaterial could be obtained from the absorption band 
edge in the UV-vis spectrum. The absorbance value of a material could be obtained by measuring the intensity of 
light passing through a sample and comparing its intensity with the light before it passes through the sample. The 
absorbance measurements were carried out over the range of 190 nm - 800 nm. Figure 4a shows the UV-visible 
absorption spectrum of the ZTO nanomaterials prepared at different molar ratios. The optical properties can be tuned 
by varying the molar ratios of Zn and Sn which was reported by Yun et al. (2013) Figure 4b shows the (αhυ) 2 v/s hυ 
graph of ZTO nanoparticles. The dashed lines are the indication of extrapolation. Therefore the band gap value 
observed is ~4.3eV which is high, is attributed to the reaction temperature (100ºC). Sunandan and Joydeep (2011) 
have observed that at high reaction temperatures the band gap results can be further enhanced. When compared with 
binary materials like ZnO and SnO2, it is reported by Ardyanian et al. (2014). that the optical band gap can be 
increased with the increase of Sn concentration. 
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Figure 4a- UV-visible spectra of ZnSnO3 prepared at 100ºC. 
 
Figure 4b- (αhυ) 2 v/s hυ of ZnSnO3 prepared at 100ºC. 
 
Thermo-gravimetric Analysis (TGA) is a technique used for the measurement of changes in mass as 
function of temperature with the parameters of residual mass, initiation and oxidation temperature. Initiation 
temperature is the point where decomposition of the material starts. Thermal stability of the material can be 
determined by oxidation temperature where the maximum decomposition happens. Residual mass is the weight 
percentage of the decomposed material. TGA results of the ZTO nanomaterials prepared at 100°C with molar ratios 
of 1:1 are shown in the figure 5. From this TGA analysis, it is clearly observed that the weight loss of the material is 
zero at room temperature for all the molar ratios. From the graph it is observed that the weight loss of the material 
differ with increase in temperature. The changes in weight loss with respect to temperature for all the molar ratios 
are listed in Table 2 given below. 
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Figure 5 - TGA of ZnSnO3 prepared with molar ratio of (a) 1:1 (b) 3:7 and (c) 7:3 respectively. 
Table 2 – weight loss % of the ZTO nanomaterial with increase in temperature at 1:1, 3:7 and 7:3 molar ratios. 
1:1 molar ratio 3:7 molar ratio 7:3 molar ratio 
Temp range °C Wt. loss % Temp range °C Wt. loss % Temp range °C Wt. loss % 
0-36 0 0-34 0 0-38 0 
36-250 8.04 34-211 10.2 38-213 7.51 
250-589 10.04 211-739 8.71 213-629 4.35 
589-860 3.62 739-1200 29.84 629-804 14.87 
860-1200 6.56   804-1200 17.05 
4. Conclusion 
The results of the present investigation suggest that the solvo-thermal method using Na2CO3 as a mineralizer and 
aqueous ethanol as a solvent would be an efficient method to prepare the ZTO nanomaterials with high band gap. 
These materials can be potentially used in various fields. From the SEM, EDS, XRD, TGA and UV-visible 
spectroscopy analysis it can be seen that the Zn : Sn composition ratio of 1:1 has better characteristics than the other 
molar ratio. The EDS studies revealed that the ZTO nanomaterials consist of Sn, Zn and oxygen without any other 
chemical contamination. TGA results shows that the weight loss is zero at room temperature and for 1:1 molar ratio 
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it is less around 589°C to 860°C and for molar ratio of 7:3 it is observed that the weight loss is less at 213°C to 
629°C. Overall thermal stability of ZTO is good when molar ratio is 7:3 when compared to other concentration of 
ZTO nanomaterial. This suggests that by changing the molar ratio, the weight loss also varies at different 
temperatures. XRD results suggest that the particle diameter size of ZTO nanoparticles is approximately around 70 
nm. By optical analysis it is proved that the band gap of synthesized ZTO nanomaterial is ~4.2eV and can be 
enhanced when compared with other ternary oxides with different molar ratios. By increasing the reaction 
temperature and time duration, the results can be improved and can obtain better properties than we observed. Due 
to the nanoscale dimension these ZTO material can be used in developing solar cells and also in other applications 
because of its low cost and less weight. ZTO plays a very important role in advanced technologies, such as 
photoelectron chemical cells, gas sensor, synergistic flame retardants, photocatalytic materials and zinc-tin-oxide 
thin-film transistors. In the recent years, ZTO nano-materials have been prepared by high temperature, thermal 
evaporation, sol–gel method, etc. However, solvo-thermal synthesis method received greater attention because of its 
stability, simplicity, and cost-effectiveness.     
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